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CTERISTICS
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OF PERIPHERAL PUMPS
Carlo M. Barto lini
Guerri ero Romani
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Via Breece Bianch e, 1-6010 0 Ancona - ITALY
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ABSTRACT
Peripheral pumps are orten applied on n,r,·JgeratJOn mixtures cwculatJO
n 111
refrJgeratJon systems. These turbomachines are Identified by the appliCatio
n of two
flows· on meridional motion 1s supe1·1mposed a tangential one This complex
toroidal flow
IS not readily amenable to detailed l'heoretlcal analysis because
of the considerable flow
separation 1n the Impeller blading
The paper deals w1th a theoretical approach able to study the phenomena
of energy
exchange without the Introduction of empiriCal constants and useful
to plan an
experimental investigatiOn 111 order to irnprovf' the eff1cency

NOMENCLATURE
Symbols

A

B
c
n
N

P
0
w
Y
a

-Output area on control volume, cross section area
-Input area on control volume
··Absolute veloc1ty of fluid
-PerpendiCular versor
-Torque
··Power
-Volurne flow rate
-Radius
·Relative ve1oc1ty of flu;d in ;mpeiiE'r
-Specific energy
- Angu Iar ext ens; on of channe 1

161

f

- Tran sf erred energy parameter

<P

-Stres s
-Effic1ency
-Power loss

11

n

a
o

w

-Angular extent ion of channel
-Normal stress
-Speed of rotatio n

Subscripts
1 ,2
c
cs
g
G
h
m
n
0

s
u

ns
-refere d respec tively at the inlet and outlet sectio
-in the channel
-refere d to control surface
-of the Impell er
-medium of channel
-hydrodinamic
-merld wnal
-normal
-mechanical
-of the stage
-tange ntial

INTRODUCTION
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BASIC ANALYSIS
Hlf~ :>tudy of rmerat1on prlfiCifiiP.s. may t1e r.amed l!ut, av:nrd1ng
to thf. cd1erne
proposed on the bases of the followmg hypotesis
1) steady flow
2) Constant density
3) Tangential pressure gradient ts constant tr11·oughout the channel and
Is tndipelltJent
or rad1us
4) H1e meridional flow rate IS mdipendent from overall M
5) The radial diSlributton of U1e absolute speed 111 the channel does
not vary m
tangential direction
Tl1e analyses of the workmg prmciples for t11e impeller and the channPl
may be
earned out separately

lmpe!Jer flow
A smgle equatfOII of the cJynamic equilibrium may be used to describe the exchange
of
energy between the flUid and the impeller.
The equation Indicated 1n appendix refers to equilibrium of the moments
of the
Impeller control volume With respect to the rotation ax1s.
(I)

This equatton shows that the torque whlch operates on the Impeller 1s not
caused by
the variat1on of angular momentum of the pump flow rate 0 but by the meridiona
l flow
5
rate om which on the bas1s of the above hypoteses, does not vary as
the operating
conditions of the pump vary
Excluding the shear stress, the power transferred by the Impeller to fluid ls
espressed
by
(2)

It follows that Lh1s power Increases as cu decreases as the pump
flow rate
1
decreases

Channel f! ow
As Ill the case of Impeller, the fluid dynamic behaviour 1n the channel
may be
described bV an overall equation of dynamic equJilbrtum Csee appendJxl
The control volume Ill th1s case corresponds to thP. volume ms1de the channel.
(3)
(4)

Equation (4) describes the ttp1cal curve of the machine excludmg the loss
due to the
shear stress on the stdes or the channel
The component cu 1 1s stJctly correlated to the flow capac1ty 0 , 1n fact, 1s
tr1e result
5
of radial distribUtiOn or the tangential cornponent of the absolute speed. The
pump flow
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is nil, that is when
rate tends to a maximum value when the work of the impeller
rzCuz~rlCul·

exchange of energy for
It assumes a value of zero when cu 1 ~ -cuz (Fig. 4) and the
al circulatiOn in the
diffuswn is at maximum. In this case there is a closed tangenti
radially. on the basis
channel
the
divides
which
section
al
cilindric
the
between
channel
by
d
expresse
be
may
fluid
the
to
of (4) the power transfer red

parameter f=Ph/Pg as
The ultimate goal of the scheme proposed is to defme the
a measure of the energy
transfer red energy parameter Which can be assumed as
channel
transfer red to the flow rate Inside the
(6)

of axis . From (6) it is
The function r is a r1ght intersec ting line on the origin
obtamed when the the
be
would
runctwn
evident that the maximum of the transfer
to the radius and Is
respect
w1th
linearly
varies
channel
the
in
nt
tangential compone
equal to the velocity of the blades.

ANALYSIS OF THE PUMP FLOW RATE
as in the case of all
The overall efficienc y of a penphery machines, results,
c efficienc y.
hydrauli
the
for
produced
y
efficienc
turbomachmes, from the rr chanica!
be supplied from the
Stnce there are two energy transfer processes, tlw latter w111
efficienc y of the Impeller t1mes the transfer red parameter (fl.
and on the braking
The mechanical effiCiency 1] 0 depends on the "mechanical" quality
not vary as the
does
and
one
to
close
action of the fluid on t1·1e Impeller diSk, 1t Is very
the flow of the
on
depends
nand
other
the
on
y
efficienc
Impeller
flow rate a5 var1es. The
the term n 9 consider
fluid In the Impeller and can be expressed as llg ~Pg/(Pg +I1 9) where
of the blades and on the
the power disSipated on the boundary layer flow on the s1des
entrance losses
blade
to
addition
in
channel
the
opposite
diSk
Impeller
of
sides
since the friction is
varies
as
as
vary
not
The losses resultmg for friction do
entrance losses are
blade
the
,
proportional to am 2 Which has been considered as constant
mlet and increase m
proportiOnal to the variat1on of relatiVe speed at the blade
-0 and o,-oMAX of the
0
limit
the
of
y
5
Importance when the machine operates in proximit
deforms very considerably
performance charact eristic The mlet speed triangle in fact
s until the cu 1 must
increase
10n
c~rculat
as 0 5 var1es since, as tt mcreases, the tangential
of speed to increase qu1te
necessarily change versus, thereby forcing the mcidence angle
considerably (FJg4l
c pattern w1t.h a
The effiCiency of the impeller assumes an arproxim ately paraboli
the impeller h<~s
when
maximum correspond1g to a particul ar c" 1 wh1ch is equal to zero
maximum cond1t1on or tl"1i'
radial blades as In the case wh1cr1 has been illustrat ed The
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''"'''all ~ffrlll'f!CJ ,,, ol.iLlln··:J ,-,,1 •.orni)Hlir,rJ llw p.)ttc.,n
:. n1 n.;o rurv.··.:. T]g(U,,l ;-Hrrl f ((I)
(')t'e r- ry ·:.J
If Ule 21ct1ons of the shear stress are cons1derec1, ttw
function derivatJVe orr C0 )
5
decreases as the flow rate increases because of the
power drssrpatwn on the sides of
the channel lhat IS proportional too}. The pattern of
the overall efflcrency 1s strongly
arfected by the pattern of the rmpeller efflcrency Which
depends marnly on the value of
blade entrance losses, above all for idenlrfying the value
of the flow rate corresponclmg
to the max1mum total efficiency

CONCLUDING REMARKS
The optimization of the flow in the Impeller is not
suffici ent to Increase the
efficiency of the machme With respect to low flow rates
because, at thrs conclrtrons, the
overall operatrng effiCiency is very strongly affected
by the drffuswn efflcrency which
become very low for low values of 0 .
5
An increase of the overall effrcrency values IS howeve
r possible when the inlet angle
is optlm1zed for very high values of 0 .
5

APPENDIX

With reference to the F1g. 3, when a control volume has
been selected for the rmpeller,
the equation of moment of momentum for the rotatron axrs
may be written as follow:

fcsrx4> nds • 5cs prxc c nds • Mg " 0
As a result of the axial symmetJ'Y of the rotor, taking
Into account trrat the normal
stress have not moment and negletting the moment
due at shear stress, the equatron
reduces to.
Mg"

-JA prxc c ndA- JBprxc cndB

(8)

The mtegration surfaces A and B are those involving
the inlet and outlet momentum
flux of the 1mpeller respectrvely, so that pcndA= p
cndB= p d0 where o is the the
9
9
Impeller rate corresponding to the mendronal flow rate
Om By replacing the medium
effective value
rxc ds with r cu, we can wr1te 1n scalar form·
cs

5

(9)
When the medium effectJve values of the product
r cu are the real values, the
equation represents the conclitron of dynamic equilibrium
for the Impeller excluding the
act10n resulting from the shear stresses on the impelle
r and on the surface of the
mterface With the channel WhiCh may be negletted conside
ring the geometry examined.
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Channel
the control volume which is
The equation of moment of momentum applied to
follows
as
illustra ted, is wrltten

Jclx•

J

nds •k cs prxc

(10)

c nds = 0

By neglett1ng, in add it JOn, the shear stresses, we obtain:

JAc rxo

J

ndAc = - Aprxc

c ndA - J6 prxc

(II)

value rcu, we can write the
As In the previous case with the real medium effectiv e
followm g equation 1n scalar form:
(12)

linear to the angle a measured
The distribu tion of pressure in a tangential directiOn Is
g a sect10n of the channel
selectin
by
fact,
In
.
from the inlet section or the channel
n of equilibr ium for the
co[1ditio
the
volume,
subtended by the angle o as the control
moments 1s written as fallows :
( 13)

angle at the centre which subtends the channel
wntal fmdings
The above considerations are in aggrement with experilr

9 1s the

lutes~
Determjnotion of the tange ntial components of abso

cu appears, and since the
In all the equations considered, the differen ce r 2cu 2 -r 1 1
compared with the average
if
radial dimensions of the machme WhiCh are rather limited
r the distribUtiOn of the
conside
to
possible
is
it
toroid,
radius of the reference
of act10n A and B as
areas
twr
tangential component of absolute speed in the respec
the outlet and inlet
of
radius
average
the
with
s
product
constants and to calculate the
r
impelle
the
of
surface
outlet areas A and B of the
The law of continu1 ty must be applied to the In let and
JAcm a r dr= B em or dr with
impelle r and the speed inversion radius must ensure that

f

em Cr 1l =-em cr 2 l
em Crl
ThiS condition lS satisfie d by a parabolic dlstribu twn of
mverswn radius should be
the
f1xed,
been
has
om
rate
After the mer1d10nal flow
ace flow surfaces.
calculated and then the areas of the lmpe1le r-chann elmterf
a medium effectiv e value of
te
calcula
to
le
posslb
Is
1t
According to the out let triangle
which considers tt1e fitllte
factor
slip
a
by
and
angle
flow
relat1ve
the
cu accordmg to

2

number of b1ades .
The med1um effectiv e value of

c111

may be calculated cons1denng the followin g three

cond 1t 1ons.
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al the value of cu 1 is zero when cu A "' cc Ac"' 0
2 2
5
bl Os is zero when cu A =-cu A
1 1
2 2
c) 05 lS maximum when cc"' cuz
dl then cu 1(05 )= (0 - cu A l I <Ac- A l
5

2

2

2

As a first approssimation, the values of cu and cu are
those calculated for the
1
2
solution of the mtegrals 1n moment of momentum equations.
To establish the value of the meridional flow rate, 1t is necessa
ry to obtam direct
experimental results, or by means of the value of specific
energy measured with flow
rate as zero. In fact, by using the above condition dl in C4l,
the specific energy of flow
rate becomes·
(i4)

which, for 05 =0, makes it possible to calculate Om
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a) Schematic meridtoMI section

b)Rectlfled view on stripper

Fig, 1 Geometry of peripheral pump
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e) Impeller control volume
Fig.'3: Control volUmes

Channel control volume

F1g.2 T!lrbomach1ne-ejector system

Fig. 4
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Fig. 5: Theoretical powers, losses rmd efficiencies trends vers~s Cs
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